The Gulf experiences the highest annual change in water temperature for coral reefs globally 1 0 2 (winter: <15°C, summer: >35°C), with fishes persisting for several months in conditions that Gulf are comparable to those predicted for tropical oceans at the end of this century (Riegl 1 1 0 and Purkis 2012; IPCC 2014), while winter conditions can be so severe as to induce cold 1 1 1 water coral bleaching (Shinn 1976; Coles et al. 1991) . Günther, 1867) we performed field-based observations of behaviour across three thermally 1 1 7 distinct seasons separated by a 13 °C sea surface temperature (SST) range (winter: SST = 21 1 1 8 become more generalist in their feeding habits, exploiting more easily accessible resources. Finally, we performed an aquarium-based experiment exposing P. trichrourus to 1 3 1 temperatures typical of winter (21 °C) and spring (28 °C) in order to examine the hypothesis 1 3 2 that variation in behaviour observed in the field was directly mediated by temperature. The use behavioural modification as a means to respond to the environmental variability that is 1 3 5 expected to increase under future climate change. The pale-tail damselfish is a small omnivorous damselfish common in southern Gulf coral [territory size of 0.5 to 1.5 m 2 ]). It has a small body size (max 6 cm standard length -SL -) territory identified and marked using numbered flags (Magalhaes et al. 2013) . When several 1 7 0 adults shared the same coral head, in order to minimize the developmental variability among 1 7 1 individuals being sampled, the individual with the largest body size was selected. Following 1 7 2 marking of the territory, focal fish were allowed to acclimate for 4 min (), and then filmed for 1 7 3 2 minutes (using DBPOWER HD 1080P). A minimum distance of 3 m was maintained 1 7 4 between observer and subject. Observations were aborted if fish displayed any adverse Ras Ghanada n = 25; spring: Dhabiya n = 26, Saadiyat n = 32, Ras Ghanada n = 25; summer: Dhabiya n = 23, Saadiyat n = 31, Ras Ghanada n = 29). Mean distance from refugia was defined as the distance from the 'home' coral every ten independently analysed and validated by two observers. As results differed by < 5 % between 1 9 0 observers, all remaining video analyses were carried out by one observer (DD). In situ environmental measurements 1 9 3
To assess seasonal changes in abiotic variables in the Gulf, across the dates of all behavioural 1 9 4 observations, daily in situ SST (°C) and dissolved oxygen (DO, mg l -1 ) measurements were 1 9 5 taken at 1200 hrs at each site using a YSI Professional Plus multi-parameter probe, while 1 9 6 underwater visibility (in m) was visually estimated in situ. Chlorophyll-a (chl-a, mg l -1 ) 1 9 7 measurements were downloaded as monthly composite data at 0.05 resolution from the and currents (m s -1 ) were obtained from the NCEP climate forecast system version 2 (CFSv2, To estimate the relative frequency of predation or competition across seasons and sites, the To experimentally determine the impact of water temperature on behaviour, we examined Saadiyat during winter. Eight individuals were randomly allocated to separate pierced 6L 2 1 5 bottles within either of two 900L holding tanks (control and experimental group). Each bottle 2 1 6 had a 10-cm-long plastic pipe provided for shelter. All tanks were kept at 21°C, 40 psu, 8.15 2 1 7 pH, 6.5 mg l -1 DO and 12 hours dark/light cycle reflecting in situ winter condition. 25% 2 1 8 water changes were performed weekly, with ammonia, nitrite and nitrate kept at 0 ppt. Fish 2 1 9
were fed ad libitum twice daily with commercial pellets.
After a week for acclimation, refuge use and movement of all individuals was tested at 21°C.
1
To do this a randomly chosen individual had its holding container submerged in an 2 2 2 experimental tank (80 L * 50 W *40 H [cm], filled to 20 cm H) and was left to acclimate for 2 2 3 10 minutes. The tank's base was divided into 40 squares (10 * 10 cm grid), a 10-cm-long 2 2 4 segment of plastic pipe was provided as shelter, and a DBPOWER HD 1080P video camera 2 2 5 was placed one metre above the tank. Following acclimation the individual was released and was then left for 20 minutes. Subsequently the bottle was removed and behaviour videoed for 2 2 8 16 minutes. All videoing occurred between 1000 hrs and 1400 hrs, with a 25% water change 2 2 9 between individuals. Water temperature within the experimental holding tank was increased 2 3 0 to 28°C (~0.5°C/6 h) across four days, while the temperature within the control remained 2 3 1 constant (21 °C). Fish were then left for 7 days. As described above, all individuals were then 2 3 2 individually videoed and behaviours experimentally examined. counting the number of grid-lines crossed over 11 min with one cross being assumed to equal 2 3 8 to 10 cm movement, independently of the distance from refuge. To determine whether abiotic and/or biotic factors significantly differed among seasons, observations; axes that explained more than 15% of the total variance (PC1 to PC3, hereafter To determine the impact of season, site, environmental PCs and predator/competitor (GLMM) with Gaussian errors was used, while feeding rate against all predictor variables (as 2 4 9 above) was examined using a GLMM with Poisson error distribution and log link function. Both distance from refugia and resting were not normally distributed and were, respectively, 2 5 1 log and log (X + 1) transformed prior to testing. In all tests, date of sampling was fitted as a 2 5 2 random effect and backwards model selection followed, using likelihood ratio tests to 2 5 3 examine the significance of each term removed from the model. To determine whether food 2 5 4 preference significantly differed between seasons, individual bites on substrate were analysed 2 5 5
using Kruskal-Wallis test. To determine the effect of experimental change in temperature on time away from refugia 2 5 7 and distance moved, behavioural data before and after temperature manipulation from the 2 5 8 control and experimental groups were compared using Mann-Whitney U tests. All data were 2 5 9 analysed in R (R core development team 3.5.1, 2018). Before temperature manipulation there were no differences between the control and the and distance moved (W = 40, p = 0.41); however, differences in time away from refugia and 3 0 7 distance moved between the control and the experimental group become significant post 3 0 8 temperature manipulation (W = 2, p= 0.001 and W = 3, p = 0.002, respectively) ( Fig. 3a, b ). Although increasing variance in global SSTs may directly impact coral reef fish community conditions on distance from refugia, activity and feeding ecology of the pale-tail damselfish 3 1 7 P. trichrourus within the southern Gulf. We found that P. trichrourus substantially increased 3 1 8
resting time and reduced distance from refugia and feeding rate at sub-optimal environmental 3 1 9
temperatures (both high and low) when observed in situ and when tested in the laboratory. Individuals were also observed to shift from a planktonic-based diet to a mixed planktonic We observed substantial behavioural and trophic plasticity in P. trichrourus' populations 3 2 9
among seasons. In particular, P. trichrourus were observed to reduce distance from refugia 3 3 0
and feeding rate and increase resting time in winter and summer compared to spring. These work suggesting that, when exposed to short-term higher than average SSTs, coral reef fish losses during periods of adverse temperatures or food scarcity through increased feeding rate Our lab experiments are consistent with the idea that the seasonal differences in behaviour contrary, we did not observe any correlation between changes in primary productivity and 3 7 0 changes in feeding activity, suggesting that shifts in diet may not be related to primary Ultimately, we would need manipulative experiments to confirm the potential for predators or 3 7 4 other drivers to produce similar behavioural changes to those seen in our temperature The Gulf's average SST is increasing twice as fast as the global average (Al-Rashidi et al. and Noura Al-Mansoori for field and lab support. On behalf of all authors, the corresponding author states that there is no conflict of interest. Atmospheric Research, Computational and Information Systems Laboratory. show inter-quartile (IQR). Whiskers indicate the range of data, and dots show outliers that are 7 1 8 more than 1.5 IQR above the 75 th percentile, or more than 1.5 IQR below the 25 th percentile.
